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SPECIFICATION 

. 1. TITLE OF THE INVENTION: 

GUIDE WIRE FOR CATHETER 

2. WHAT IS CLAIMED IS: 

(1) A guide wire for catheter having a distal end 
portion and a main body portion, wherein said guide wire 
comprises: a main wire comprising a first wire member 
formed of a high-rigidity material and constituting said 
main body portion, and a second wire member formed of a 
flexible material and connected to a distal end portion 
of said first wire member; and a coil spring having a 
hemispherical distal end portion, enveloping a distal end 
portion of said main wire, and having a -proximal end 
portion fixed to the vicinity of a connection portion 
between said first wire member and said second wire 
member of said main wire. 

(2) A guide wire for catheter as set forth in claim 1, 
wherein said first wire member is formed of a stainless 
steel or a piano wire. 

(3) A guide wire for catheter as set forth in claim 2, 
wherein said stainless steel is a high tension stainless 
steel for spring. 
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(4) A guide wire for catheter as set forth in claim 2, 
wherein said piano wire is plated with chromium. 

(5) A guide wire for catheter as set forth in any of 
claims 1 to 4, wherein said second wire member is formed 
of a superelastic alloy. 

(6) A guide wire for catheter as set forth in claim 5, 
wherein said superelastic alloy is a Ni-Ti based alloy, a 
Cu-Zn-Al based alloy, or a Cu-Al-Ni based alloy. 

(7) A guide wire for catheter as set forth in any of 
claims 1 to 6, wherein said coil spring is formed of a 
material excellent in radiopacity. 

(8) A guide wire for catheter as set forth in claim 7, 
wherein said material excellent in radiopacity is 
platinum, a platinum alloy, tungsten, or a palladium 
alloy. 

(9) A guide wire for catheter as set forth in any of 
claims 1 to 8, wherein the distal end of said main wire 
is fixed to the distal end of said coil spring. 

(10) A guide wire for catheter as set forth in any of 
claims 1 to 8, wherein the distal end of said main wire 
is not fixed to the distal end of said coil spring but is 
located at a position a little on the proximal end side 
of the distal end of said coil spring. 

(11) A guide wire for catheter as set forth in any of 



claims 1 to 8, wherein said main wire comprises a third 
wire member which has one end fixed to a distal end 
portion of said main wire and the other end fixed to a 
distal end portion of said coll spring. 

(12) A guide wire for catheter as set forth In claim 10 
or 11, wherein the distal end of said main wire Is 
located at a position a little on the proximal end side 
of the distal end of said coll spring, and Is fixed to, a 
coll spring portion In the vicinity of a distal end 
portion of said main wlre. 

(13) A guide wire for catheter as set forth In claim 11 
wherein said third wire member Is formed of a stainless 
steel. 

(14) A guide wire for catheter as set forth In any of 
claims 1 to 13, wherein said first wire member Is longer 
than said second wire member. 

(15) A guide wire for. catheter as set forth In any of 
claims 1 to 14, wherein a proximal end portion of said 
coll spring Is fixed to a distal end portion of said 
first wire member. 

(16) A guide wire for catheter as set forth In any of 
claims 1 to 15, wherein a proximal end portion of said 
coll spring Is fixed to a proximal end portion of said 
second wire member. 
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(17) A guide wire for catheter as set forth in any of 
claims 1 to 16, wherein said second wire member gradually 
increases in flexibility toward the distal end thereof. 

(18) A guide wire for catheter as set forth in claim 17, 
wherein said second wire member gradually decreases in 
diameter toward the distal end thereof. 

(19) A guide wire for catheter as set forth in claim 17, 
wherein said second wire member gradually increases in 
flexibility in the direction from a proximal end portion 
thereof toward a . distal end portion thereof as a result 

of a heat treatment. 

3. DETAILED DESCRIPTION OF THE INVENTION 
[Technical Field to which the Invention Pertains] 

The present invention relates to a guide wire for 
catheter. 
[Prior Art] 

Conventionally, guide wires for catheter in which a 
coil spring is so fixed as to envelop the entire length 
of a main wire have been used. Recently, the number of 
occasions of super- selectively guiding a thinner catheter 
into a thinner blood vessel (for exeunple, a coronary 
artery, etc.) has been increased, and there has been a 
demand for a guide wire which is thinner, makes it easier 



to transmit the operations at the proximal end to the - 
distal end, and has such a flexibility as not to injure 
the inner wall of the blood vessel. To cope with this 
demand, a structure has been adopted in which a coil 
spring is mounted only to a tapered portion at the distal 
end of a main wire having a high rigidity and the main 
wire is provided with a large cross-sectional area on the 
proximal end side so as to increase the rigidity. 
[Problems to be Solved by the Invention] 

However, since the main wire of the above-mentioned 
guide wire for catheter itself has a high rigidity, the . 
distal end portion must be flexible and, therefore, is 
reduced in thickness by tapering. In addition, since the 
main wire is formed of a stainless steel, particularly 
the distal end portion thereof is susceptible to plastic 
deformation under a weak force; thus, there has been the 
problem that when the guide wire is advanced in a blood 
vessel bent at a portion away from the proximal end, it 
is difficult to transmit the operations at the proximal 
end to the distal end. Besides, increasing the thickness 
of the distal end portion of the wire lowers the 
flexibility, with the result that it is difficult to 
insert the guide wire into a meandering blood vessel or 
into a thinner blood vessel, and further, the blood 
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vessel wall may be deunaged. 

It Is an object of the present Invention to provide 
a guide wire for catheter which solves the above- 
mentioned problems in the related art, has a sufficient 
rigidity for transmitting the operations at the proximal 
end to the distal end, has a distal end portion 
sufficiently flexible so as to be insusceptible to 
plastic deformation, can be easily inserted into a 
meandering blood vessel or into a thinner blood vessel, 
and is free of possibility of damaging the blood vessel 
wall . 

[Means for Solving the Problems] 

In order to attain the above object, there is 
provided a guide wire for catheter having a distal end 
portion and a main body, portion, wherein the guide wire 
includes: a main wire including a first wire member 
formed of a high-rigidity material and constituting the 
main body portion, and a second wire member formed of a 
flexible material and connected to a distal end portion 
of the first wire member; and a coil spring having a 
hemispherical distal end portion, enveloping a distal end 
portion of the main wire, and having a proximal end 
portion fixed to the vicinity of a connection portion 
between the first wire member and the second wire member 
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of the main wire. 

Further, the first wire member Is preferably formed 
of a stainless steel or a piano wire. Moreover, the 
stainless steel is preferably a high tension stainless 
steel for spring. Furthermore, the second wire member is 
preferably formed of a superelastic alloy. Further, the 
piano wire is preferably plated with chromium. Moreover, 
the superelatic alloy is preferably a Nl-Tl based alloy, 
a Cu-Zn-Al based alloy, or a Cu-Al-Ni based alloy. 
Moreover, the coil spring is preferably formed of a 
material excellent in radiopacity. Furthermore, the 
material excellent in radiopacity is platinum, a platinum 
alloy, tungsten, or a palladium alloy. In addition, the 
distal end of the main wire is, for example, fixed to the 
distal end of the coil spring. Besides, the distal end of 
the main wire is, for example, not fixed to the distal 
end of the coil spring but is located at a position a 
little on the proximal end side of the distal end of the 
coil spring. In addition, the main wire includes a third 
wire member having one end fixed to a distal end portion 
of the main wire and the other end fixed to a distal end 
portion of the coil spring. Further, the distal end of 
the main wire is, for example, located at a position a 
little on the proximal end side of the distal end of the 
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coil spring, and is fixed to a coil spring portion in the 
vanity of a distal end portion of the main wire . Moreover , 
the third wire member is preferably formed of a stainless 
steel. In addition, the first wire member is preferably, 
longer than the second wire member. Besides, a proximal 
end portion of the coil spring is, for example, fixed to 
a distal end portion of the first wire member. Further, a 
proximal end portion of the coil spring is, for example, 
fixed to a proximal end portion of the second wire member. 
Moreover, the second wire member preferably increases in 
flexibility toward the distal end thereof. In addition, 
the second wire member, for example, increases in 
dicimeter toward the distal end thereof. Besides, the 
second wire member gradually increases in flexibility in 
the direction from a proximal end portion thereof toward 
a distal end portion thereof. 

The guide wire for catheter according to the 
present invention will be described referring to 
embodiments. 

The guide wire for catheter 1 of the present 
invention is a guide wire for catheter comprising a 
distal end portion and a main body portion, wherein the 
guide wire 1 comprises: a main wire comprising a first 
wire member 2 formed of a high-rigidity material and 

8 



constituting the main body portion, and a second wire 
member 3 formed of a flexible material and connected to a 
distal end portion of the first wire member 2; and a coil 
spring 4 comprising a hemispherical distal end portion 5, 
enveloping a distal end portion of the main wire, and 
having a proximal end portion fixed to the vicinity of a 
connection portion between the first wire member 2 and 
the second wire member 3 of the main wire. 

Now, description will be made using an embodiment 
shown in Fig . 1 . 

A guide wire for catheter 1 shown in Fig. 1 is 
comprised of: a main wire comprised of a first wire 
member 2 , and a second wire member 3 connected to a 
distal end portion of the first wire member 2; and a coil 
spring 4 having a proximal end portion fixed to the 
vicinity of a connection portion between the first wire 
member 2 and the second wire member 3 and having the 
distal end fixed to the distal end of the second wire 
member . 

The first wire member constitutes a main body 
portion of the main wire, and has the function of 
securely transmitting operations at a proximal end 
portion of the first wire member (at hand in use) to the 
distal end; therefore, the first wire member is formed of 
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a high-rigidity material, for example, a stainless steel, 
a piano wire or the like. As for the rigidity, a.flexural 
rigidity of not less than 19 Kgmm^, preferably not less 
than 21. Kgmm^, is preferably provided by use of a 
stainless steel or the like, particularly a high tension 
stainless steel for spring; The first wire member 2 has a 
diameter of 0.2 to 1.8 mm, preferably 0.3 to 1.6 mm, and 
a length of 200 to 3500 mm, preferably 300 to 3000 mm. 
The second wire member 3 constitutes a guide portion for 
advancing the guide wire in a meandering blood vessel or 
a thinner blood vessel; therefore, the second wire member 
3 is formed of a material high in flexibility. The 
material high in flexibility means a material which has a 
wide elasticity range and which is insusceptible to 
plastic deformation when a strain of 2 to 8% is exerted 
thereon . 

Preferable excunples of the material having such a 
wide elasticity range include superelastic materials such 
as Ni-Ti based alloys, Cu-Al-Ni based alloys, and Cu-Zn- 
Al based alloys . 

Preferably, the second wire member 3 is more 
flexible on the distal end side, and more preferably, the 
second wire member 3 gradually increases* in flexibility 
toward the distal end thereof. For this reason, in the 
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embodiment shown in Fig. 1, the second wire member 3 
gradually decreases in diameter toward the distal end 
thereof, and this change in diameter makes it possible to 
change the flexibility according to adaptation. The 
change in flexibility can be achieved also by changing 
the heat treatment conditions for the metal constituting • 
the second wire member. For example, in a wire member 
made of a Ni-Ti alloy, the flexibility can be changed as 
shown in Figs . 4 to 6 . 

Fig. 4 is a view showing the locations at which 
specimens Nos. 1 to 4 were sampled from a partially heat- 
treated Ni-Ti alloy wire having a length of 400 mm and a 
diameter of 0.25 mm, for tensile test. Figs. 5(1) to 5(4) 
show load-strain curves of specimens under strains of up 
to 5% by tension, in which Fig. 5(1) corresponds to 
specimen No; 1 of Fig. 4, Fig. 5(2) corresponds to 
specimen No. 2 of Fig. 4, Fig. 5(3) corresponds to 
specimen No. 3 of Fig. 4, and Fig. 5(4) correspionds to 
specimen No. 4. From these figures it is seen that the 
wire is flexible on the distal end side. Fig. 6 shows the 
relationship between yield stress of each specimen, which 
was calculated from the load- strain curves of Figs. 5(1) 
to 5(4), and the distance from the distal end of the wire. 
From this figure it is seen that the wire is flexible on 
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the distal end side. The second wire member 3 has a 
length of 50 to 1000 mm, preferably 100 to 500 mm. 

The connection of the first wire member 2 and the 
second wire member 3 may be carried out by use of a known 
method such as a method of fitting a proximal end portion 
of the second wire member 3 to a distal end portion of 
the first wire member 2 and a method of brazing both the 
wire members to each other, or a combination of the two 
known methods. Particularly, a method Is preferably used 
In which, as shown In Fig. 1, the distal end portion of 
the first wire member 2 Is provided with a hole having an 
Inside diameter equal to or slightly larger than the 
diameter of the proximal end portion of the second wire 
member 3, whereas the second wire member 3 Is provided 
with a groove in the circumference in the vicinity of the 
proximal end portion thereof, the proximal end portion of 
the second wire member 3 is inserted into the hole in the 
distal end portion of the first wire member 2, and 
portions near the connection portions of both the wire 
members are attached to each other by a brazing material 
10, This makes it possible to firmly connect both the 
wire members to each other. 

The coil spring 4 has the functions of making the 
distal end portion of the guide wire flexible and good in 
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angiographic property, making the distal end portion easy 
to confirm even in a sharply bent vessel portion, and 
preventing the distal end portion from buckling. 

The coil spring may be preferably formed of 
stainless steel, platinum, a platinum alloy, silver, 
tungsten, or a palladium/ silver alloy or the like which 
has a wire diameter of 0.05 to 0.2 mm. Particularly 
preferable examples of the materials include platinum, a 
platinum alloy, tungsten, and a palladium alloy, for 
example, a palladiiim/ silver alloy, which have an 
excellent radiographic action. When the above-mentioned 
material is used, the position of the distal end portion 
in the vessel can be easily confirmed at the time of 
radiography. The coil spring 4 has an outside diameter of 
0.2 to 1.8 mm, preferably 0.25 to 1.6 mm. The coil spring 
4 envelopes the second wire member 3, the inside of the 
distal end thereof is fixed to the distal end of the 
second wire member 2 by a brazing material or the like, 
and the proximal end thereof is attached, with a brazing 
material or, the like , to the vicinity of the connection 
portion between the first wire member 1 and the second 
wire member 2. The distal end of the coil spring 4 is in 
the form of a hemispherical distal end portion 5. The 
hemispherical distal end portion means that, the distal 
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end portion is substantially formed in the shape of a 
curved surface, and the shape includes, for example, such 
shapes as a hanging bell -like shape and a bullet -like 
shape . 

Further, the outside surface of the first wire 
member 2 is preferably coated with a lubricity imparting 
agent 12 for lowering the frictional resistance between 
the first wire member 2 and the inside surface of a 
tubular body such as a catheter, and the thickness of the 
coating is preferably in the range from several 
micrometers to several hundred micrometers . 

The lubricity imparting agent is preferably a 
water-soluble high polymeric material or a derivative 
thereof, examples of which include poly (2 -hydroxy eh tyl 
methacrylate ) , polyhydroxyethyl acrylate, cellulose based 
high polymeric materials (for example, hydroxypropyl 
cellulose , hydroxyethyl cellulose ) , maleic anhydride 
based high polymeric materials (for example, methyl vinyl 
ether-maleic anhydride copolymer) , acrylamide based high 
polymeric materials ( for example , polyacrylamide ) , 
polyethylene oxide based high polymeric materials (for 
example, polyethylene oxide, polyethylene glycol), 
polyvinyl alcohol, polyacrylic acid based high polymeric 
materials (for example, sodium polyacrylate) , phthalic 
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acid based high polymeric materials (for example, 
polyhydroxyethyl phthalate), water-soluble polyesters 
(for example, polydimethylol propionate), ketone -aldehyde 
resins (for example, methyl isopropyl ketone 
formaldehyde ) , polyvinyl pyrrolidone , polyethyleneimine , 
polystyrene sulfonate, and water-soluble nylon. . 
Furthermore, it is preferable to prevent the lubr.icity 
imparting agent from being exfoliated or flowing out 
easily. For example, it is preferable that a coating of a 
compound having a reactive functional group is formed on 
the outside surface of the first wire member 2, and a 
coating of the water-soluble high piDlymeric material or 
derivative thereof is formed on the coating of the 
compound while being bonded to the reactive functional 
group of the compound through ionic bond or covalence 
bond. As the water-soluble high polymeric material or 
derivative thereof, the above-mentioned materials can be 
used preferably. Preferable examples of the reactive 
functional group include isocyanate group, amino group, 
aldehyde group, and epoxy group. Therefore, preferable 
examples of the compound having a reactive functional 
group and having a film- forming property include 
polyurethane and polyamides. Further, for increasing the 
number of the reactive functional groups, it is 
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preferable to admix the above-mentioned compound with a 
material having a reactive functional group. Examples of 
such a material include isocyanates such as ethylene 
dllsocyanate , hexane methylene dllsocyanate , xylene 
dllsocyanate , toluene dllsocyanate , dlphenylmethane 
dllsocyanate, etc., adducts or prepolj^ers of these 
Isocyanates with polyol, polyamlnes (for example, low 
molecular weight polyamlnes , .ethylenedlamlne , 
trlmethylenedlamlne and the like, and high molecular 
weight polyamlnes), and glu tar aldehyde. The coating may 
be carried out by a method In which the portion to be 
coated (the outside surface of the first wire member 2) 
Is brought Into contact with a mixture of a material 
having a reactive functional group [for example, a 
solution of polyure thane ( tetirahydrofuran solution)] and 
a material having a reactive functional group [for 
excunple, a solution of 4 , 4 ' -dlphenylmethane dllsocyanate 
(methyl ethyl ketone solution)], followed by drying, and 
then the thus coated portion is brought into contact with 
a water-soluble high polymer [for example a solution of 
methyl vinyl ether-malelc anhydride copolymer (methyl 
ethyl ketone solution)], followed by drying. In this 
manner, lubricity can be imparted to the surface of the 
guide wire, and the lubricity can be maintained for a 
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long time. 

Next, an ei^odiment of the guide wire for catheter 
according to the present Invention shown In Fig. 2 will 
be described. 

A guide wire for catheter 1 shown In Fig. 2 Is 
comprised of: a main wire comprised of a first wire 
member 2, and a second wire member 3 connected to a 
distal end portion of the first wire member 2; and a coll 
spring 4 having a proximal end portion fixed to the 
vicinity of a connection portion between the first wire 
member. 2 and the second wire member 3; wherein the distal 
end of the main wire is located at a position a little on 
the proximal end side of the distal end of the coil 
spring 4 and is fixed to a coil spring portion in the 
vicinity of a distal end portion of the main wire. Namely, 
this embodiment differs from the embodiment shown in Fig. 
1 in that the distal end of the second wire member 3 
constituting the distal end portion of the main wire does 
not extend up to the distal end of the coil spring 4, and 
the distal end portion of the guide wire 1 is constituted 
only of the coil spring 4 . 

As the first wire member 2. the one described in 
the embodiment shown in Fig. 1 can be used preferably. 
The second wire member 3 is preferably more flexible on 

17 



the distal end side. Particularly, it is preferable that 
the second wire member 3 gradually increases in 
flexibility toward the distal end thereof. For this 
reason, in the embodiment shown in Fig. 2, the second 
wire member 3 gradually decreases in diameter toward the 
distal end thereof, and the change in diameter makes it 
possible to change the flexibility according to 
adaptation. The change in flexibility can be achieved, 
also by changing heat treatment conditions for the metal 
constituting the second wire member. 

The second wire member 3 has a length of 50 to 1000 
mm, preferably 100 to 500 mm. 

The connection between the first wire member 2 and 
the second wire member 3 can be preferably used by the 
method described in the embodiment shown in Fig. 1 or the 
like method. 

The coil spring 4 has the function of preventing 
the distal end portion of the guide wire from buckling 
even in a sharply bent vessel portion, the function of 
maintaining flexibility, and the function of making it 
difficult for the guide wire to injure the blood vessel 
wall. 

The coil spring 4 can be preferably formed of a . 
stainless steel, platinum, a platinum alloy, tungsten, a 
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palladixim/ sliver alloy or the like which has a wire 
diameter of 0.05 to 0.2 mm. Particularly, platinum, 
platinum alloys, tungsten, palladium alloys, for example, 
a palladium/ silver alloy, and the like which have an 
excellent radiographic action can be used as the material 
of the coil spring 4 . The coil spring 4 has an outside 
diameter of 0.2 to 1.8 mm, preferably 0.25 to 1.6 mm. 

The coil spring 4 envelops the second wire member 3, 
and its distal end portion is not attached to the distal 
end of the second wire member 3. Specifically, the distal 
end portion of the coil spring 4 protrudes from the 
distal end portion 6 of the second wire member 3, so that 
the second wire member 3 is absent at the distal end 
portion of the coil spring 4. At the distal end portion 6 
of the second wire member 3 (at a position a little on 
the proximal end side of the distal end) , the second wire 
member and the inside surface of the coil spring 4 are 
fixed to each other by brazing or the like. Thus, the 
distal end portion of the coil spring 4 is a portion 
where the second wire member 3 is absent, whereby the 
distal end of the guide wire can be made further flexible. 
Of the coil spring 4, the portion on the distal end side 
of the attached portion 7 and the portion on the proximal 
end side of the attached portion may be formed of 
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different materials. For example, the distal end side of 
the attached portion 7 may be formed of a material having 
a high radiographic property, a material having plastic 
deformability, or a material having both of the 
properties (for example, platinum, platinum alloy, 
tungsten, palladium/ silver alloy, etc) so that the 
distal end side has a degree of flexibility and can be 
plastically deformed into an arbitrary shape, whereas the 
proximal end side of the attached portion 7 may be formed 
of a material having a high f lexural rigidity. ( for 
example, a stainless steel). 

the proximal end of the coil spring 4 is attached, 
with a brazing material 10 or the like, to the vicinity 
of the connection portion between a distal end portion of 
the first wire member 1 and a proximal end portion of the 
second wire member 2. 

The distal end of the coil spring 4 is provided as 
a hemispherical distal end portion 5. The hemispherical 
distal end portion means that the distal end of the coil 
spring 4 is substantially formed in the shape of a curved 
surface, and the shape includes such shapes as a hanging 
bell -like shape and a bullet -like shape.' 

Further, it is preferable that the outside surface 
of the first wire member 2 is coated with a lubricity 

20 



imparting agent 12 for lowering the frictional resistance 
between the outside surface of the first wire member 2 
and the inside surface of a tubular body such as a 
catheter. The thickness of the coating is preferably in 
the range from several micrometers to several hundred 
micrometers. As the lubricity imparting agent 12, the 
above-mentioned materials can be preferably used. 

Next, an embodiment of the guide wire for catheter 
according to the present invention shown in Fig. 3 will 
be described. 

A guide wire for catheter 1 shown in Fig. 1 is 
comprised of: a main wire comprised of a first wire 
member 2 , and a second wire member 3 connected to a 
distal end portion of the first wire member 2; and a coil 
spring 4 having a proximal end portion fixed to the 
vicinity of a connection portion between the first wire 
member 2 and the second wire member 3. The distal end of 
the main wire is located at a position a little on the 

proximal end side of the distal end of the coil spring 4 

■J 

and is fixed to a coil spring portion in the vicinity of 
a distal end portion of the main wire. The second wire 
member 3 constituting the distal end portion of the main 
wire comprises a third wire member 8 having one end fixed 
to a distal end portion of the second wire member 3 and 



the other end fixed to a distal end portion of the coil 
spring 4 . In other words, this embodiment differs from 
the embodiment shown in Fig. 1 in that the distal end of 
the second wire member. 3 constituting the distal end 
portion of the main wire does not extend up to the distal 
end of the coil spring 4, and a distal end portion of the 
guide wire 1 is comprised of the third wire member 8 both 
ends of which are connected respectively to the second 
wire member 3 constituting the distal end portion of the 
main wire and the distal end portion of the coil spring 4 . 

As the first wire member 2 , those described above 
in the description of the embodiment shown in Fig. 1 can 
be used. 

The second wire member 3 is preferably flexible on 
the distal end side, and particularly, is preferably 
increases gradually in flexibility toward the distal end 
thereof. For this reason, also in the embodiment shown in 
Fig. 3, the second wire member 3 gradually decreases in 
diameter toward the distal end thereof, and the change in 
diameter make it possible to change the flexibility 
according to adaptation. In addition, the change in 
flexibility can be achieved also by changing heat 
treatment conditions for the metal forming the second 
wire member. 



Besides, it is more preferable to combine both of 
the methods with each other. 

The second wire member 3 has a length of 50 to 1000 
Iran, preferably 100 to 500 mm. The cbhnection between the 
first wire member 2 and the second wire member can be 
preferably carried out' by use of the method described in 
the embodiment shown in Fig. 1 or the like method. 

The coil spring 4 has the function of preventing 
the distal end portion of the guide wire from buckling 
even in a sharply bent vessel portion, the function of 
maintaining flexibility, and the function of not injuring 
the blood vessel wall. 

The coil spring 4 is preferably formed of a 
stainless steel, platinum, a platinum alloy, silver, 
tungsten, a palladium/ silver alloy or the like which has 
a wire diameter of 0.05 to 0.2 mm. Particularly 
preferable examiples of the material include platinum, 
platinum alloys, tungsten, palladium alloys, for example, 
palladium/ silver alloy, and the like which have an 
excellent radiographic action. The coil spring 4 has an 
outside diameter of 0.2 to 1.8 mm, preferably 0.25 to 1.6 
mm . 

The coil spring 4 envelops the second wire member 3 
and its distal end portion is not attached to the distal 
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end of the second wire member 3. To be more specific, the 
distal end portion of the coil spring 4 protrudes from 
the distal end portion 6 of the second wire member 3, so 
that the second wire member 3 is absent at the distal end 
portion of the coil spring 4. In addition, at the distal 
end portion 6 of the second wire member 3, the second 
wire member and the inside surface of the coil spring 4 
and, further, the end portion of the third wire member 8 
are fixed to each other by brazing or the like. 

The third wire member 8 is for preventing over- 
elongation of the flexible coil spring 4 at the portion 
ranging from a point spaced from the distal end of the 
coil spring toward the proximal end side by a 
predetermined length where the attached portion 7 to the 
wire member 2 terminates to the distal end of the coil 
spring 3. It is preferable that the third wire member 8 
is low in extensibility and, further, is more flexible 
than the second wire member 3. The third wire member 8 is 
preferably composed, for example, of a stainless steel 
wire. The stainless steel wire preferably has a wire 
diameter of, for example, 10 to 150 flm, more preferably 
3d to 120 flm. Alternatively, the third wire member 8 is 
preferably composed of a wire member having a dieimeter of 
20 to 100 jL6m which is produced by stranding a plurality 
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of, for example « 2 to 19, thin stainless steel wires 
having a wire dieimeter of 10 to 50 Um, more preferably 10 
to 40 j^m. 

Thus, the distal end portion of the coil spring 4 
is a portion where the second wire member 3 is absent, 
whereby the distal end of the guide wire can be made more 
flexible. In addition, the presence of the third wire 
member 8 can preferably prevent the coil spring 4 from 
being elongated. In addition, of the coil spring 4, the 

s 

distal end side and the proximal end side of the aittached 
portion 7 may be formed of different materials. For 
example, the distal end side of the attached portion 7 
may be formed of a material having an excellent 
radiographic property, a material having plastic 
def ormability, or a material having both of the 
properties (for example, platinum, a platinum alloy, 
tungsten, a palladium/ silver alloy, etc.) so as to have a 
degree of flexibility and be plastically deformable into 
an arbitrary shape, whereas the proximal end side of the 
attached portion 7 may be formed of a material having a 
high flexural rigidity (for example, a stainless steel). 
Besides, the proximal end of the coil spring 4 is 
attached, with a brazing material 10 or the like, to the 
vicinity of the connection portion between a distal end 
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portion of the first wire member 1 and a proximal end 
portion of the second wire member 2. 

The distal end of the coil spring 4 is provided as 
a hemispherical distal end portion 5. The hemispherical 
distal end portion means that the distal end portion is 
substantially formed in the shape of a curved surface, 
and the shape includes such shapes as a hanging bell -like 
shape and a bullet -like shape. , 

Further, the outside surface of the first wire 
member 2 is preferably coated with a lubricity imparting 
agent 12 for lowering the frictional resistance between 
the outside surface of the firsts wire member 2 and the 
inside surface of a tubular body such as a catheter. The 
thickness of the coating is preferably in the range from 
several micrometers to several hundred micrometers. As 
the lubricity imparting agent 12, those mentioned above 
can be used . 
[Functions] 

Next, the functions of the guide wire for catheter 
according to the present invention will be described 
using the embodiment shown in Fig. 1. 

The guide wire 1 according to the present invention 
is for use in guiding a catheter, such as an angiography 
catheter and a vasodilation catheter, at the time of 
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inserting the catheter into a target portion of a blood 
vessel. In inserting the guide wire 1, first, a blood 
vessel is secured in a human body by the Seldinger 
technique or the like, then the guide wire for catheter 1 
of the present invention is made to indwell in the blood 
vessel, and the catheter is inserted along the guide wire 
1 into the blood vessel. In the insertion, the catheter 
is inserted into the blood vessel under the condition 
where the guide wire for catheter 1 protrudes from the 
distal end of the catheter by several centimeters (the 
coil spring 4 portion) . Since the distal end side is 
composed of a wire member made of a material having 
flexibility, the distal end portion is sufficiently 
flexible and can be easily inserted into a meandering 
blood vessel and into a constricted blood vessel. In 
addition, since the main wire on the main body side is 
formed of a material having a high flexural rigidity, at 
the time of operating to move the distal end of the guide 
wire 1 in a desired direction within a lumen such as a 
blood vessel, at the time of pushing in the distal end 
portion, at the time of rotating the guid^ wire 1, and in. 
other similar occasions, the operational forces at the 
proximal end portion of the guide wire (at hand or 
fingers of the operator) can be securely transmitted to 
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the distal end portion of the guide wire, and the 
insertion can be easily achieved. After the distal end of 
the catheter has been guided to the vicinity of a target 
site, the guide wire 1 is drawn away. Then, where the 
catheter is an angiography catheter, an angiographic 
agent is injected from the proximal end of the catheter, 
radiography is conducted, the catheter is drawn away, and 
astriction is carried out, to complete the procedure. 
[Effects of the. Invention] 

The guide wire for catheter according to the 
present invention is a guide wire for catheter comprising 
a distal end portion and a main body portion, wherein the 
guide wire comprises: a main wire comprised of a first 
wire member formed of a high-rigidity material and 
constituting the main body portion, and a second wire 
member formed of a flexible material and connected to a 
distal end portion of the first wire member; and a coil 
spring having a hemispherical distal end portion, 
enveloping a distal end portion of the main wire, and 
having a proximal end portion fixed to the vicinity of a 
connection portion between the first wire^ member and the 
second wire member of the main wire. Therefore, since the 
main wire on the main body portion side is formed of a 
material having a high flexural rigidity, at the time of 
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operating to move the distal end of the guide wire in a 
desired direction within a lumen such as a blood vessel, 
at the time of pushing in the distal end portion, at the 
time of rotating the guide wire, and in other similar 
occasions, the operational forces at the proximal ertd 
portion of the guide wire (at hand or fingers of the 
operator) can be securely transmitted. In addition, since 
the distal end side is composed of a wire member formed 
of a material having flexibility and insusceptible to 
plastic deformation, the distal end portion is 
sufficiently flexible, can be easily inserted into a 
meandering blood vessel, and into a constricted blood 
vessel, and, further, is free of possibility of damaging 
the blood vessel wall. Moreover, since the coil spring 
having a radiographic property is wound around the outer 
periphery of the second wire member, the distal end 
portion of the guide wire is insusceptible to buckling 
even in a sharply bent vessel portion, is easy to confirm 
in f luororoentgenography , and can be inserted safely. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1. is a sectional view showing one embodiment 
of the guide wire for catheter according to the present 
invention; Fig. 2 is a sectional view showing another 



embodiment of the guide wire for catheter according to 
the present Invention; Fig. 3 Is a sectional view showing 
a further embodiment of the guide wire for catheter 
according to the present Invention; Fig. 4 Is a diagram 
showing the sampling positions of specimens sampled for 
performing tensile tests for a partially heat-treated Nl- 
Tl alloy wire; Figs. 5(1), 5(2), 5(3) and 5(4) are 
diagrams showing load- strain curves obtained when tensile 
strains , of up to 5% are exerted on specimens Nos . 1 to 4 
of Fig. 4, respectively; Fig. 6 is a diagram showing the 
relationship between the yield stress of each specimen, 
calculated from the strain curves in Figs. 5(1) to 5(4), 
and the distance from the distal end of the wire. 
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DRAWINGS 

Fig. 1 




Fig. 4 
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Fig. 6 

6-a: distal end 

6-b: furnace center pipe soaking zone 

6-c: Distance from distal end 




6-a 6-b 6-c 
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AMENDMENT 

March 18, 1988 

To: Aklo Kuroda, Commissioner of the Patent Office 

1 • Identification of the Case 

Patent Application No. Sho 62-283675 

2 . Title of the Invention 
Guide Wire for Catheter 

3 . Who Makes Amendment 

Relationship with the Case: Patent Applicant 
Terumo Corporation 

4 . Agent 

Address: 460 (Postal No.) 

Marunouchi Office Forum 503, 

1^30, Marunouchi 2-chome, 

Naka-ku, Nagoya-shi, Aichi 
Name: Shoichi Mukaiyama, Patent Attorney (8906) 
Tel: 052(231)8503 

5. Date of Invitation for Amendment 
February 23, 1988 (Dispatched Date) 

6 . Item to be Amendment 
Drawing 

7 . Content of Amendment 
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Fig. 6 of the drawings is amended as shown in the 
attached sheet . 



35 



@t2^l§4#l*^^ (A) ^1-124473 

@)Int.a.« maS.^ frrtSSS-t (Q^jiM ¥J5!t 1^(1989) 5^ 170 

A 61 M 25/00 4 1 0 D-6859- 4C 

®n m PS62- 283675 

m PS62( 1987)11^108 

^ * a ^ ^ it y^ma^m^^zTmi^i^ 
^m± iRjuj IE— 





5^ 








A 






A 



m m m 

















i} 7- 




A- m 


K >f - 








2 . ^> If 


:^ 


O Sa £SI 










CJ) 5t 




i: 


^ m ^ ^ t 


^ f) ^ - 






Y K 




- ic ^ 




t* » ^ jf 5 


« 1- 








I- tt H 


« 31 1 


to « « » 




Hi 




» ti^ 


(* CO Jfe « 


tc » a $ 


n /:i X 






^» n 




2 O «5l « 


» t «c 0 


jSc ? n 




Y > 




ir - 


t • ¥ 9J 


« 5fe « W ^ 


^ L , 55 








r - 


© Jt J8 « 


^ » a t V 


S «3 JB 










- © 3H I 


(0 ta « » t 


SIC 2 5> » 




t <?> 




ap fi 


itt ic IS S 




^ X r 9 


> r 








t ^ » a 


t -t ^ f3 7- 


- r- ffl 


iS -r 


K 7 



( 2 ) hH *2 ;jl 1 <D » il: U , T- > X H 

!s I ^ u xa « (D fiT'-T-A^^-n-i Y ^ < ^ - . 
( 3 > H^j ia X 7^ > u ;^ « II . * jfl « a 7) A 7^ > u 



4>i»nai:fto»a3i2J«t:iatt<D^f--f^ 

ffl :ff Y K -7 Y ir - . 

* n r ^ » n » io « iffl 51 i i> l ^ 4 ^ 

-A lM^i^2/^UCu-A l-N i ^^&eOl> 

(8) jniax»7jaacsn/^^>4u. d& 



-417- 



m% I ^f^tt'tsiBJioi^r n )^ ic c « <a ^ f- 

- m if ^ K'7Yir-, 

(10) Wie^-fvr?^^-®!^^!!, ^^^-^^. 

(11) wc^Yy'jY-r-ii. — ja/i<y-<>'7Y 

(12) a?IC>Y>r7^Y-OA«tt» WISJ^A^ 

K -7 >r -r - . 



«Rn¥ 1-121473 (2) 

(13) /nia5Jl3co»«i*U, Xf->U;^»J:0>:f 

7- " m if ^ K^-Tir-* 
(M)B9ia3II(Dtt4it»U, l|i|£9 2<0«l4it(|cJ^ 

•7 -f r - . 

(15) >rt^»)aBPu, ma^r 

(16) 3120 

ESSI I ^ \>> ^ \ o> -f ti i:, H 9i a> ij 
-f'A^mif^h''7^'Y-, 

(17) nc3i26?>jsit)t»u. jtjaicrs}**or»>:r 
rc « «c «c o T i> 6 » » fli * <D « a 31 I JH i» 

K ^ Y r - . 

(18) fl?)K3l20»ttt*U, 5tau:fS);?ho-C»Ar 



ic a a ic fi r> X 


o^nK^»*<o«a5^i7JatE 


JK 0 * -f- — T- 




(19) fin IB 9 2 0 « tit U . ft 9 « ^ 5^ a ffi <c 


It T ii^ « a ic 




1^ m <0 IB 9 


iTii*ciaii<D*T--7";i/^:ff-r 


K 7 -< ir - . 
















^ • 




[ CD fit « } 




?t ilt . 7^ - 




7 -f + - 0 ^ ft 




> r A< a ;£ * n 


T s 6 0 ee ffl * *i T i . 


« jS 11 . J; 0 


la i> i&L 9 ( n (;r H n m 2r ) 




^ A< it L , J: 0 


la < . ^ 7C <D » fl^ 5fe « «C it 


L ^ -r < . 


ito W F*? 2 » fl It X »: 


3? ? n T 0 




- <0 5fe la X - '< 





(C L -C i» i . 

c w c;t L ji. -3 i ^ ^ Pol a A ] 

a f*? . a a ft L /I ifil » <o » A ii< B§ a i 'a 0 , 

* 3? 9? a n « > Jb a et * tt <D P4 a jfii ^ w 

5^ ai * 1^ -r ^ ^ :> u . 5t a ffi n + 5> u 



-418- 



?5nn¥ 1-121173 (3) 





3^ n r i> 4 c 




n t 










w E e 


r 


y » 11 , o 








n 6 to 






^ c 




IT 1 L i» . * 




u . a # ft ft 11 




N 


1 :T 




A ^ ft . C u 


- Z n - A 


1 


M ft ft t (1 C u - 


A 


1 -N i d ft <o i» rni^-cJ^^ffi ti*. 








:k -f 




> r il . 


X 


Ml 


7 a is 




t: flin /i W H 




Jt 0 1$ 


IS 


^ n r i» 






^ » 








$1 e X 




7 a A tc 




n 


w » 




. 6 ft . d ft 




ft . 9 


y 


r X 7^ > 


It 




« '< 7 




A ^ <^ <D 




n A* "C 




^ C t 


»T 




t V* . 


t 


/:i . »l E > Y 


> 


•7 Y r 




o ^ « (1 




« 


X \i . 


m 


C 3 ^ X y 




y f <r> 




a U 09 ^ 




n 


T l> ^ 


(> 


CD -C 1*!^ 5 . i 








^ > "7 -r 






CO ^ a 


11 


, m Xix . m 














a <w GD 




tLX a ^ r 






-< 


% -f 




f 


o 5^ a 




0 '> L mmm 




a S L 


T 








« . ^ 




, 0 Y > 




Y ir - 


(1 


. - a A< 






> -f 




- o ^ a » n 


fS 


£ * n 




a n c 


o 




Af yf. -T 


»; 


> r <0 5fe « » 






n 


31 3 O 






%^ m 


L 


T v» & t O -C 




* • ? 










y n < 



to5tajiO:i>L»awutt»Lr^-o. 
>'7Yi^-©jfea»ttiZc<o=»-<;uxru>r» 

3l3cD«itt»tl. xf-vuxaxotf^tOT 

tl . ?! C 2 O » tt » J: 0 ft (> © -C 4> ^ C i 
A< i L . i /i . W C 3 4. X :/ V > r © « 

as(i. MiLtf. p^e9toatit{«:o5^a9ii 

Y ^ X r »; > r © fi a » 11 . « ii u . 31 2 o « 

> »c 3i t)c ic n£ ^ T c t A« *T i L . i /t . 
iW IB ;w 2 <o a « » ti . « :t cf . 5fe a u )^ o T 
» a a *c o r i> -5 t o * ;s . i . 8>t 
C9 2oatit»u. sa«)^^%a«tc)^ it r 
^^»a^cJL0l»'^|^3t«tlcttoTp'S got* 

% <n a - A^ ^ a < Y rj ^ - ^ 







r ^ « W 




v> r a 




-t ^ 
















^ Bfl C7> :^ 7^ 




7- m 


if 


Y K 






•r 








a 


15 i: * 




m ^ n 


t 




7^ 






A^ 


m if ^ 




•7 


r< ir - -e 4> 




, * » 


9 




IS 


t 










i» 


« « A- 






a 


tt w 


2 


t 






1 0 a 






2 0 ^ a « 




» a » 


n 


/c « 


ft 




It 




if* ^ 






2 0 a «t d: 


3 


i J: 




JB file 


» 


n 






^ y n 




ir 


- i . i|i I* 




^ a 9 


s 




U 




/ 




y n < 


ir 




0 3fea « ^ 




a L . 




a « 


A< 






> 








31 1 £0 » « 




2 


2 


o> a 


tit 




3 




<D « tt 


9 




iS U BS £ * 


n 




A' 


X r 




> 




4 




C 


r 






























\z ^ -t 




% 91 


i: 




v> 


r 


a ^ -r 




























1 


H u ^ r ^ 




- r- A^ 


m 


if Y 


K 


•7 




ir 


- 1 11 




1 


0 « tt » 2 




. •» I 


<o 


a tit 




2 


<D 


5fe 


a 96 


» 


It 


* n 31 2 




a U d: 


3 




X 


0 




IS 






-< 


V 7 -r ir - 




. s a 




A« 31 


I 


0 


a 


tt 


» 2 ^ 




2 


<o a u iic 3 


h 


<o tt 3b" 


m 






09 




$ 


n , " 5fe 


a 


A* 


7 2 0 a tit 




<o jfe a 




GS ^ 




n 






-r A' X 



ift^e bfo-e^Ovat t <oniKi$(o mmm (« 
f * * ir r * <, o 7? * 0 , *fl!>fc*Mc. 

Ofs- ISOOta. If 2 L < U 300ji»- 3000at-C & • 
# » ^ J5 « t- * «> T 0 » * © * . aSUCtt 



C u-Z n-A I A^ft;9oa{9(tl4»«<l?a-C 











* t r 












^: A< If 4 t < . »c 


. A « A- -» r 








t < • * <0 A: «6 31 










» ii^ 


3 


/ » >^ u « a i 




^- K ft 




*± ^ z t K X 0 . ia 


ic «; i: -c ^ 


^ K ft 






t . tJC tt «0 PC 


<t,ii . 




20«l«(|:^f3fi!cr 




*^ « 






•> c t A< "cr * • W 


;l »f N 


i 




I' L 

i 


ai 


earc^t-ttujcuctt^-itft^e* r 




m 






31 4 SI 




« « ^ d<3 »c A Jft a L A » 400t«. 0 




?7 




/;: *!> tc « L /i N o 


. I - 4 CO « tt 




31 5 ( 1) 0 ii . 51 


4 B ^ 


N 


o . I tt « It . 5^ £ 


> <2>(9 > 9 4 S3 



<^No.2<D»|»«-. 95 (3)H , 31 4 a O 
hfo.30ttltfr. 95C4)Ha. 3I4HONO 
4<D»tt)t^?iaicj;r) SXirar^^-^Dil 

* . 96au. 9 5 (1)H n t 9 5 (4)H© 

A*C&A<*5A*«. 3l20»tt{>3iUx;i. 
ft $ U 50«»- lOOdai, *f i t < I00«»- 50 0«« 
r <v i . 

tux, 9IO»««:2i:SPI2<D«tt»tOi» 
9 I 0»«(|:20^a«i;:ai 2<0tt«» 



3l20»t^{|:3<D9aaB^i9AL. A5<0tta 

m » -c * ^ . 

X y- > u m . . fift^ft. ^ > :r 

X f- > «y -5 l> « ^ y O A / ^ ^ 1^ 0 

ja -c A & . Jh.e <D » K * m v> i c t u J: 0 . X 

0.2 5— l.e««-CA.i, ^LT, ^-TA^XT'^Jy 



-420- 



V > r 4 (O ft « U . > 19 <it 5t « « 5 & o T i» 

^•?>u. 3prio»tit»2<Dnaa»c. f) ^ - ^ 

5>cDI9!tt»rtgSi:0»»tt 1r tt T ^ * * 

U I?* L<. Mil IX\ * y ( 2 - 

tKo^S'X^/l.y^^yu-h). if»JfcK 

I? 1 L i> . tK » ft » ^ ^ ^ K i U ^ O SI # 
i y IS V T /I' f t K IS . X * ^ -> 5 if AM? a 

> . * y r i K ^ Iff a -c * 4 , * ^ u . K 

1^ S IC tt e tt » ^ ^ * «l K ^ ft ^ ^ C t A< 

T * - h ^ ^ •> u > i; -r V > r - > , h a. x 
'J A J y % - V ^ 'J V ^ ^ fi^ ^ 9 'J < J 

a r u rt! y ^ - , y T ^ > ( W X , tt 5> ^ 
rj5 V r i -/ X ^ V > 7 i > * f »; y ^ 1/ > 

•y 7 5 > if . i /c A 5> ^ ^ 'J V i > ) 5^ ^ ^ 



15 nn¥ 1-121473 (5) 

i K * » ^> ^ i>! K ( « it «x . V T T i 

K) . 4f»;xf^l/>:r + 1^-r K*«^-T1^JC (« 
iltf, 4t J, ^ u y ^ ^ ^ ^ y . ityxf-uv 

rjt»jfcKo + >x^j^"7^4^ltxXT-;i/), ;K 
» 'i? y X X >u C W 31 II . * y y / ^ o - /»/ 
roe:i->'aixx>A^) * y K vr^-T't KW 

r/i^ffcK). ijtykf-iPtToy k>, ^jyx 

m fk ^ ^ xt y tt e A< fst m -c ^ ^ • ^ ^ u . mm 
t!^ h ^ m ^ m n m i h. u m & L u \^ X 



~ A' T ^l/ 7* t V U 








ySik i: t T U , S 








^ IX . * »j o u ^ 


> 






> » i« ) ] t R IC 






» 4: -r * % K ( w ^ 


If > 4 . 4 y 7 X - 






^ > i; -f V •> r ♦ - K 00 










tc. It 9 « & ( 9 


1 




« lit {|:2onaB) 


* It . «^ » * * 


(ft 








■r 












y K > 7g ) ] IC H * 






tc 










J^Os if ^ y ^7 -< -r - <r> 










o m HI ^ ft ^ 13) 








, 9 2 SI c 








K 7 i' - o 31 




« 


<C o w» T ift ofl ^» . 


31 2 H K * f * 7" 






« ^ ^ K •? -f - 1 U 


31 1 O » « » 2 ^ 




31 


l(D«titl|:2cOft^ U 


» * n 31 2 o 






3 . U J; 0 13 file * K 








a««<3ii<oaatna:2h 



421- 



ji/ X :r »j > 4 a i "C it u r r . if < 
n « 3 w . Jfe « «*«J:o«lJfT? 

««Tl±. 5fe«lcR*v-»-c»2<0«Hlt»3(t. 



?5na¥l-i24473 (6) 

tt u . 31 I ia <o m « « c T a ifl t Ac ;^ a; 
^ ir n -t ^ t> <o X ^ i . 

(0 :k f- y'u X m . eft, fift^ft, ^'yrxf^ 
> . ^ i» u '< ^ i; o A / « ^ ft ^ ifl u ffi 

ft . 3 ft ^ ft , 9 r 7. 7- y ^ A ^ i» ti ^ 
Oz*^ft, WiLif'^^i^Oi^/a&ft:***^?^ 

■c^-s. tL-c, 3-r.A.xr'i>r4ionai: 
tru. iaao.2 — i.8«», »?jl<«i, 0.25- 





L r 




3 










f \ \t 




H 2 


0 » « 






GC 


(O 


« ft ^ 


n 




-Sit 




IC ft 




0 


(Jt 


3 




a 


L 


X 




0 




S tl . 


3r 


2 <D 


n tit 3 


«c « 


tt 




n 




t 


A« 






^ L 




la 




<0 






B3 


m 




n 


r v> <i 


I* . H 








7 


X 


») 




« m u . 




if 


W ft 0 


A 


v» W 




( 




ii^ 




V 




f 


4 




5^ a « 


U . 9 


2 


(0 » 


tit «: 3 0 


> 


X 


•r- 




U X « ) 


IC 




15 fiR L 


"C 


(> 


i» 






9t 




6 




0 




tb 


L T *J 


0 . 3 








% ft 








A. X r 




r 


4 (0 ft 


^3 


li , 


31 


1 


to » 


4 














9 2 0 


» tit 


3 






, tJt » 


1 




5t 


«i 9S ^ 31 


2 




» t^ 


2 


0 S 




to m 


fx 


I* . 






-c 






2 0 Ift 


K » 3 


CO 








ft 


iS 


1:: 


0 6 1 0 






« ^ n 


X 


V* ^ 










^ 0 






S 




M 


(OAS 


) (c i> 


v> 


r , 


9 2 <D « 


* t 








■< A. X ^ 


•J 


> 




9c 


CI 






I* ^ 


« 








A' 






y > r 


4 0 




^ (2 


* 0 •> ft 




m 


5 




0 T 






4^ tic 


9t 






u 










OS 






n 




. c to 


J: 




. 3 -< >v ' 










5? JB * 


n 


T 


^ z 


t 


^ e 




L 






:^ 


> 


r 


4 






« «5 U 


\t , » 


2 




tit tl: 3 A< 


X. If 


ft 


Sft 


tit 


, » A tit 






<r> n ^ 




^ c 




to 


X h 


fiP 


fiE t 




\^ 


K 


v> 


as 


5> <h r 


set 






. :^ Y K 


^ • 


























7 


-r ir 




<o 


5t 














^ C i i6< 








31 


I <o » tit 




2 


o> ^ fSi 


IC 




■f- 




X A. 


X 


» « 


• 




/i 








r > 




4 


. C <0 BB 




n 


tit 


{«: 


ffi t 0 




m 






T ? 






/- ^ 


9 




7 


© 


in 


'A 




^ M ^ 


tt K 


n 




G 0 i U 


0 a 


m 


ft 


R 








r- ^ > 




r ^ 






/>* *f 


T 




< 






il 




. Ba « 


w 5> 7 




0 5fe 


4 m u . 


4 L 


< 








t 


X 


\t . tt 






> 








i» X 














^ IC 2 


/I 


9 ft 


K 15 ft ^ 


S 5 




0 


> 


S flC A* l^f 




L 


V> . ' 


HI 


ft 




I 2 t. 








IT 








Jc W * 


© ffi « 




ft ir 


* IT 4 


L -C 


(X 




Jt 






»f 


ii IC oe 


m 


•c ^ 










It ( 




it 


(X 






ft . ^ 


ft ^ ft 




^' > 


r X T- > 




tc 




31 


3 Bl IC >^ 


■r 


'.** 


?fe «fl 0 




r- -r 












11 


/< 


9 




•5 




^ ft 9 


) 


IC J: 


0 15 « u . 


-< K 


7 






- <o H « 


PI 


IC 


l> 













-422- 



31 3 B Iw m -r ^ 


f- - f- A' 




^ - 1 




9 1 (D n («: 2 


^ . sn 1 


<o n u 2 


CO a « 




fft n it 2 


CO tit » 


3 ^ ic J: 0 






> -f > 7 Y + - 


& . s « 


t O 


a K 2 




SI 2 O » |K 3 


^ CO tt 




a * n 




-f ;^ r y > r 


4 ic J; 0 


JB BR d n T 






, * ^ n < 


- CO jfe 


a u . 3 ^ 


A' X y U 


> 


r 4 O 5fe » 0 




« ic & ■ t 


* > Y > 


•7 


>r Y ~ o 5fc *a 85 


f=t IS CO D 


;^ r »; 


> r » 5> 




GB 5£ ^ n . > < 


> ^7 Y 


- CO 5fe a:© 




^ 


9 2 CO «l 4^ {|: 3 


«c ti , — 


a 9 2 CO 


91 U il: 3 


CO 


^ a 8B (c GB £ 


n ^ 


p ^ ^ X 


:f ^) y f 


4 


<7> 5^ 4 « ic oa 


* n /c 9 


3 CO t» <it 


8 * IT t 


T 


V' ^ • 4 » 


c <o » a 


n & 91 t B 




a 


M ^ o « iS tl , 


/ -r V -7 


^ IT - <o 5fe 


a « 5> ^ 




^ ^ 91 2 O «l 


« » 3 CO 


5fe a 3 -f 


A. X r 11 


> 


r 4 O ^ a 4 -c 


il t T 


^ r . ^ 


K 7 -f ir 


— 


1 o ^ a u « 




:r «; > r 4 


2: . jSi a 




^ t\ ^ A ^ y 


7 -r Y - 


CO 5fe a » ^• 


5X 




2 CO » « {|i 3 A: 


3 Y /I' X 


r »; > r 4 


CO 3fe a » 





3-r/^:^7'»;>r4ii. a < 


K 7 






CO Jt 


a 0 s L « V s ic JB i> -c 


ft J3 


-r 








te^firfs tcD-c*6» 










=r-fA.xry >r4 t LTH.aiaO.0 5-0 






it . JS 








X > * iMi /< ^ O / « 


d ^ 9 










fl^ ffl 










* i l> 


ti 






O A ^ ^ , « il If ^< ^ -l^ A / 


ffi ^ ^ 


51 


A< 


If a 




> r 4 


CO 






L -c (i . a a 0 . 2- 1 . 8««. 4 


L < ti 




0 . 


25-- 












t L T , 3 -r A^ X :/ »; > y 4 ii 


> ^ 2 


CO 


a 




3*»aLrfco. jfeaaptt. 


9 2 CO 


a 




tl: 3 


60 5fe a »c SI « * n -c v» . A 


fi^ tc 






3 -< 


/u X :/ > 4 CO jfe a flP 11 V ai 


2 CO a 






3 CO 


5ta»6Ji055mLrfcO. 3 


-f A^ X 


r 


»; 


> r 


4<05feaaBtCU. 3l2<0»ttf|: 


3 1^ 


ft 


t 


•c O 


^Lr. 5l2coatt{|t3 


CO 5fe a 




5> 


6 tc 



»na ¥1-121473 (7) 



HI a d 


n /i a 


3 


<0 


a 


U 8 C J: 


0 






n T I* 


* ifll -c 


i6 « • 


















a 1 


o a tit 


a 


2 


(1 


. a 1 i9 ic 


V t 






a CO 


a in u 


r a 




& 


CO 


A« >T a « 








• 


a 2 (0 


a u 


3 






5t a a J; 


0 a 


a 




h ^ z 


i » 


* u < 








> ^ a ic R 




•c 


a 


^ iz 9i 


a r 


« c & 








L < , t CD 


*!► 


a 


3 


BO U ^ 


t X a 


n «i is 




■c 




. 5fc a u: R 


jfr* -> 


■c 


a 


2 CO a 


3 


il , tn 


>^ 




a 


ii t ^ T 


0 






CO a 


« ft * 


* c 






J; 


0 V jB 15 «c 




X 


^ 


tt ^ 


« (k * 


tJ- & c 








d ^ . 4 /t 


> * 


D: 




CO ff <t 


li . a 


2 CO a 








f ^ r i A 


a CO 




i& 


a 56 


^ K * 


* c t 








■c ff 7 c 


h h* 


t* 


a 










a 


f> 


^ t> ^ ^ z 




X 


0 


If 1 L 






















a 2 CO 


a u: {|: 


3 




L 


r u . a $ 


\t SOsa 




tooo«« 


* L 


< tl IDDb*-- 500»«-? * ^ 




L 




. a 1 


CO a K 


» 2 2: 




2 


CD 


a tif t CO 


a u 




a 1 a 


CO a a 


a t$ 




■c 


a 


^ t :^ ^ 


^ A< 




a ic fie 






















i> r 


, a 2 


CO 


a 




Vif- h o ^ 


X r 


»; 


> 


r 4 CO 




* t> ic 


(i 




a 


3 CO a « » 


8 CO 


a 




t li > 


o -7 


a 


0 


IS 


£ 


* n r v» 4 










a 3 CO 


a iit d: 


8 






3 A. X r 


»; > 




4 


CO , a 


^ a 


- 3£ 


ft 


* 


ft 


a « CO a 5> 


■e a tt 




2 CD 


fs a a 


5^ 7 


a 


T 


L 


A A* ^> 3 


A. 


> 


X 


y V > 


r 3 CD 


a ^a 


2 




CD 


« ijc i:£ 3 -< 


A^ X 






> / CO 


a ^ a 


^ S9 iL 


-r 




fz 


a6 CD (> <D -C 


* 0 






a it ^« 


:!> ^£ < 


. * 


u 


a 


2 


CO a (l: 3 


0 






0 * «C 


a (> CO 








A< 










X f- > 


U X » 


A« *f a 


-c 




0 


. X f* > U 


X a 


t 


L 


r ti . 


w ^ 


a m 1 0 




1 S 0 ;i 1 > J: 9 «F 


i L 


< 




a a 30 








a a 1 0 - 5 0 /I 


0 »f i L 


< ii . 


a 2 10 




4 0 11 


»CD. t, CO ^- a » ;|: . 




19* ^ » 0 




2 0 




1 D 0 M «co a 


tJt » ^• 


L 




A« If 4 


L i> . 


















C CO J; 


7 IC V 




-f 


A* 


X :/ y > 5^ 


4 CO 5fc a a U l± 


a 2 CD a ti^ » 3 


A< CE t r O ^£ 


V- a 5> A: 


■r ^ z 


i IC Jl 




K 


•7 


-f - (DJta-tJ: 


0 


Xi ^ u 


t CD t i C 








31 3 


CO a (4c 8 



-423-T 



C B « « 5> 7 <D gl) (c J» It It 

* ai « 5 tt -» T ft . * « 5fc 
ft • 

»t^icifArft. *tr. 

ff1-ft«5llciOB^5nfc«tt 
Y - I o jfe « dSi » a if CO w 

tt«lC«Xlc£siarft C 

fritft. ^rtr. awaPttWiSi 
o 5fe « o » * A« * n ^lk . ^ -f K 

L -c ^ a » :t ft . 

[ 58 ^ <^ ^ft » } 



ft c ^ ^ » 


^ . 51 I CD 


:^ »i > r 4 » ^ 


19^ CD A iit <ic aa 


tt ^ n t£ ft ^ 


CD a R M 


5^ 7 0 ^« 


« t < . * © » 


H t ^ B K 


^ ^ o > H flC 




T u . ± as «> t» 


^ A . y 5^ 




A 1> ) K Jt 0 


u . 9r 1 a 


ft t t «> tc ff 


^ CD * X - >U 


"c d ft JL ^ t . 


ft . 


ft CD » l» It It 


* « ^ K 


^ t X 1, V> » 


~ X 4. . ffil V 


91 I o B 


^ . to V CD S 09 


CD B B B O B 


CD A IC ffl I* ^ 


V* ft . 


- 1 4^ B A r ft 


B a . 41 OK tit 


^ - as 5> c J: 0 


B B a: U . X 


- "f- niS < 


^ S t . n 


* n t: » T A 


^ c tD tr * 


C CD » A 




7^ - r- m ^ -r 


tt B T. 


« ap i a » 




•7 - ic i» 


«t ffi v> T i» 


:^ ^ v> 3t c, 


0 . fT t 


B ^ » CD ^ aa « 


IC » A -C * ft . 


ft III 2 CD l» tit (I: 


h< . A If m «^ 


Y - t . tt 


D . ^ -f K 7 


1- - cD^5fe B B * 


15 f*^ T B « t 


-< ir - ID 311 1 CD 


5fe a » ^ ff L 


B ft H £ ^ 




ft (> CD T? * ft © 


IC J: ft :^ ^ ife 


A« . ft »f W tt CD 


jf A S » «c 


0 * :^ Y K -7 > 


■C * T- - f- 


B fiO t f ft 


-7 -f ir - I ^ 


B B <r » t ia t 


7^ - ^ -e * 


^ ^ -r K 7 


[ * a A t . X 


ft :^ 4r ^a B 


: L . IE ia It to 






< l> « R J; 0 




CD -C . 5t a B « 


-r -t - li • ^ 





Jjnn? 1-121473 (8) 



19 tit ii: 2 CD n 33 






f- - f- >^ 


^ CD B B HE ^ 


ttT 




If ft 


1 3 - f- < V 




ft 


c t If 


« t L T U > 8k 




a 


y M » 5 








CD »F B ic ffi ^ 




ft 


• 


IC L ^ X B M 




l> 




m-tf ^ K 7 -r ir 


- CD 




ffl ^ ft 91 



B B A -TftHU. «cDBB 

n ft t CD t? A 0 . *r >r k -7 ^ 

ic A 0 . 1! T A » U * > 

to V ^BBL/::'A. 

Ka-fiT" l^toWf^lcSBL. 

T--f-ji.^-toBrt«cBArft. 



B 




1^ 




ft 


f3 






7^ A' 






K 


T 


* 






{I: 


m 






« -r 


ft m 


tt 


CD 




ft 


% 




<D 


B 








Vi 9 


I 


CD 




» 


B 




n 


ft 




Ik 


It 


H A- 




/X 


h 




-fc 




15 






n 


A: > 


> 




-r 


It 


B 


B 




iff 


t 








-< > 




-r 


B 




L 




5 


B 


B 


a* 




> -f 


> 


r7 


B 


« 






311 


2 


CD 


B 




^ CD 






n 








A/ 














r 










B 




CD 


> 


Y > 




•Y 




A 












X 


0 




^ n 


X 


is 






CD 


St 


B 




to 






if CD 












CD 


i£ 


fr 




B 




ft Rl 




it 


B 




% 


tz 








t^ 


ft B 


^ 


IC 


ff 








B 


B 


( 






) -c 


CD a 




iC 


U 


« 




C 


€^ 


ia 


r 


ft 




A< 












It 


4^ 




u 




m 


« f3 


t 


(C 








n 




B 








l> T 


i» 


ft 


+ 








it 






0 




rr L 


fc 


to 


to 


9 












ft 


A 




5 





-424- 



?!nn¥ 1-121473 (9) 













m 




g « & (O H gh ^ 7^ 






ai 






t 


a -C J* ;6 . 












< A. X y »> > r 


• v«Ti6«/::i6« SAL 




















I 




y - 














2 




•91 2 O fll «i( (l: 










# h . 




4 




•3W « ft « » , 






4. Si 


@ 


(0 HI « n B» 




6 


•••31 2 0»tt«cfl!>ita»» 










% 


1 03 ^ 4: Id CO 




7 


• • -S « » ^> , 8 - . 


. S 9 /Tk M 41^ ffr 

• SI 3 (o m ^ 


* 








— M >M m ^ 9 


bC rr m *w o F^i'f-^ 2k 


I 0 


• • • a -^ .^ 1 2 • • 


- « » tt ft ^ 1 








to 




















-r 9r S 53 . 3f 3 a 






» If m a A T- 


A' * «t ^ tit 


















Oj IE - 








4 


GO (2 ^ « 5^ ic il^ 


« a t N i -T i ^ ^ 
















ir-<3!>9l«OStll 
















n- 


o a 9t m X ^ ^ 
















5 


(2)BB. 9 5 (3)GD 


ti > 5 (4>B U , « 4 












a 


















o 


-r 


^ ^ m t:L t »<D 


















. ai 6 IS U . 9 5 


(OH 'I v> U 5»l 5 (4)ao 














a 


• j> r ^ ft » J: 0 












-425- 



«nn¥ 1-121473 (10) 




»Cn¥ 1-121473 



400 



Jij ^ 



:^ 4 13 



ill t 

tf>a Jlfi>.) W*.4 

%itr 




^ 5 w 10 



5 C2> 13 




^ 5 CD £3 




0 



100 200 300 400 



, ^ 6 0 



-427- 



^ Kfl IE » (^20 

\. ^ ^ ffi 

B3 fO 6 2 ^ n= » 31283675^ 

3. hH E «r 1- i S 

* «£ ^ ^ 

ritu A 

#il± (89D6) R llJ E - 
052(13 1) 850 3 T460 
5. hniEIS^O B ft 

a3ftlS3^2^ 238 (^iS B ) 
S. ISS E © 
B ® 
7. Ml E © S 





